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COMPLETE SPECIHCATION 

The Inventors of this invention in the sense of being the devisers thereof within the 
meaning of Section 16 of the Patents Art, 1949 are: — Kuno Wagner Am Kiesberg 8, 
Leverkusen, Geimanyj Harry Rohr, Kartauser Hof 35 — 37, Koln, Germany, Bath are of 
Gennan Nationality. 

Thermoplastically Def ormable Compositions 



We, Farbenfabriken Bayer Aktien- 
GESELLSCHAFT of Leverkusen-Bayerwerk, 
Germany, a body corporate organised under 
the laws of Germany, do hereby declare the 

5 invention, for which we pray diat a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following statement: 
This invention relates to thermoplastically 

10 deform able compositions. It has now been 
found that difficultly soluble polyoxymethyl- 
enes of high molecular weight have the sur- 
prising property of dissolving at temperatures 
above 130°C. in polyurethanes of molecular 

15 weight at least 8000 and of various structures. 
Homogeneous mixtures of any desired con- 
centrations of the two components are pos- 
sible if the temperature is raised further and 
these mixtures can be used as thermoplastic- 

20 ally deformable compositions. 

The invention is consequently concerned 
with the modification of polyurethanes of 
molecular weight at least 8000 by polyoxy- 
methylenes of high molecular weight, and 

25 vice versa, to form interesting thermoplas- 
tically deformable compositions. Due to the 
manifold possibilities of variation in struc- 
ture and nature of the terminal groups of the 
polyoxymethylenes and polyurethanes, and 

30 furthermore due to the chemical processes tak- 
ing place with the shaping at high temper- 
ature, these synthetic plastics obtained from 
such polyurethanes and polyoxymethylenes 
have properties which were not to be expec- 

35 ted from a simple mixture of the starting 
materials used. 

The present invention provides a thermo- 
plastically deformable composition, which 
comprises a polyurethane of high molecular 

40 weight at least 8000 and a polyoxymetfaylene 
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of molecular weight at least 4000, the ratio 
of the polyurethane to the polyoxymetliylene 
being from 5 : 95|%- by weight to 95 : 5*% 
by weight. 

The term "poloxymethylene of high mol- 45 
ecular weight" as used herein means polymers 
of molecular weight of at least 4000 contain- 
ing a plurality of recurring — (CH20)-groups, 

It is well known that polyoxymethylenes 
are polymerisation products of formaldehyde 5() 
or trioxane. They can contain terminal func- 
tional groups, such as hydroxyl or mercapto 
groups, or such groups can be stabilised by 
etherification or acylation, i.e. they can con- 
tain terminal ether or acyl groups. 55 

Examples of polyoxymethylenes which can 
be used in the invention are homopolymers 
of formaldehyde and copolymers of formal- 
dehyde or trioxane with cyclic acetals or 1,2- 
epoxy compound (for example with 1,3-dioxo- 60 
lane, ethylene oxide or propylene oxide). The 
co-monomers which are polymerised wiili tiie 
formaldehyde or trioxane are generally used 
in very small amounts, e.g. about li% by 
weight. The polyoxymethylenes generally have ^5 
an intrinsic viscosity of 0.1 — 5, measured in 
butyrolactone in a 0.5% solution at 150°C. 
and a molecular weight of from 4000 — 
250,000. The most preferable polyoxymethyl- 
enes are especially polymers which are stabil- 70 
ised at their terminal groups by acylation or 
etherification and have an intrinsic viscosity 
of 0.2 — 1.5. From this group of terminal- 
stabilized polymers, the greatest interest is 
attributed to polyoxymethylenes of high mol- 75 
ecular weight wliich comprise true alcoholic 
OH-groups or mercapto groups on their ter- 
minal groups. As a result, these groups are 
in a position to react in a chain extending 
or branching reaction with polyurethanes 80 
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which still contain free NCO-groups or 
masked isocyanates as incorporated groups. 
Such polyoxymethylenes containing alcoholic 
terminal OH-groups can, by analogy to 

5 known processes, be produced by etherification 
reactions from o), <u*-dihydroxy-polyoxymeth- 
ylenes and bifunctional alcohols with relatively 
strong degradation of the polyoxymethylenes, 
and also by reacting the <a^-dihydroxy- 

10 polyoxymethylenes with glycol formal, poly- 
acetals of molecular weight 400 to 3000 
obtained from ethylene glycol and formalde- 
hyde, mercaptoe±anol, ethylene oxide or pro- 
pylene oxide in the presence of acid catalysts. 

15 One preferred group of polyoxymethylenes 
can be produced without degradation by a 
direct method and by the procedure disclosed 
in U.S.A. Patent Specification No. 3,027,352 
by copolymerising trioxane with 1,3-dioxolane 

20 or ethylene oxide or its derivatives (as co- 
monomers) and depolymerising the polymers 
as far as the two terminal co-monomeric units. 
TThis group of polyoxymethylenes of high 
molecular weight can be incorporated quan- 

25 titatively in ±e processing of the thermo- 
plastically deformable compositions according 
to the invention and, by suitably choosing the 
polyurethanes containing free NCO-groups, 
polyoxymethylene units of a highly crystalline 

30 nature can be grafted on to the polyurethane 
chain segments. 

Other polyoxymethylenes which can be 
used are polyoxymethylene diacetates and 
polyoxymethylene ethers such as the dimethyl 

35 ether, diethyl ether and benzyl ether. They 
are capable of being homogeneously mixed 
with the polyurethanes at 100 to 180°C. 
Since thffy contain no free groups capable of 
reacting with NCO groups^ they react with 

40 the polyurethanes only at such temperatures 
during the forming or moulding process due 
to the progress of the cracking reactions. In 
fact, they reaa with the NH-groups, amino 
groups, urea groups or incorporated com- 

45 ponents which can easily be cross-linked with 
formaldehyde (such as ethoxylated toluidine) 
and lead to an increase in the degree of 
cross-linking of moulded elements produced 
from the compositions. This becomes appar- 

50 ent by a reduction in the permanent elongation 
by comparison with the pure polyurethanes, 
a fact which is often desirable. . 

The polyurethanes can be obtained by the 
isocyanate polyaddition process. The struc- 

55 nire thereof, depending on various types of 
polyisocyanates, polyhydroxyl compounds with 
molecular weights of 500—4000 and, if 
desired, chain extenders (such as monomeric 
polyhydric alcohols, polyaraines, water, hydra- 

60 zines, ethoxylated ureas, ethoxylated poly- 
phenols and aromatic polyamines) is toiown 
to be readily controllable. Due to the nature 
of the reaction components, the quantities 
thereof, the temperature control and whether 

65 catalysed or uncatalysed chain extending or 



branching reactions occur, it is possible for 
the structure and nature of the terminal 
groups of the polyaddition products of high 
molecular weight to be varied to a large 
degree. 70 

The products preferably are polyurethanes 
of high molecular weight which are produced 
from (a) polyesters, polyethers (such as poly- 
ethylene glycol ethers, polypropylene glycol 
ethers or polybutylene glycol ethers) poly- 75 
ester amides, polythioethers or polyacetals 
with a molecular weight from 500f— 4000 or 
their graft derivatives with for example acryl- 
onitrile, vinyl acetate or vinyl chloride and 

(b) aromatic or aliphatic polyisocyanates and 80 

(c) chain extenders such as glycols or water. 
They should preferably have a relatively low 
degree of branching, i.e. corresponding to an 
intrinsic viscosity values from 0.4 — 2 (meas- 
ured in dimeihylformamide at 30^C.); their 85 
terminal groups can for example be OH — , 
NCO-—, amino — ^ hydrazine — or substituted 
amino groups. Furthermore, such preferable 
polyurethanes can contain within their chains 
uretdione rings, unsaturated polymerisable 90 
groupings or groupings which can be cross- 
linked with sulphur (such as residues of 
glycerol monoallyl ether or butene-l,4-diol, 

as well as residues of compounds which are 
available for a cross-linking reaction with 95 
formaldehyde, such as ethoxylated aromatic 
polyphenols, bis-hydroxyethylated aniline, m- 
toluidine, xylidine, hydroxyalkylated ureas, 
urethanes or amides). 

Where the preferred pol5rurethanes have a loO 
noticeable degree of branching or cross-link- 
ing, it is advantageous if the branches consist 
of linkages (such as allophanate and biuret 
branches) which can more easily be detached 
by heat and which can for example be formed 105 
by the use of ortho-substituted polyisocyanates 
according to Specification No. 983174. How- 
ever, also to be mentioned are polyurethanes 
which are prepared by the procedure dis- 
closed in Application No. 21947/63 Serial 110 
No. 1,015,340 using an excess of more 
than 506% of polyisocyanate, it also 
being possible in certain cases for unsaturated 
polyhydroxyl compounds and, as cross-linking 
agents, polymerisable monomeric vinyl com- 115 
pounds, to be employed concurrently. 

The thermoplastically deformable compos- 
itions according to the invention are obtained 
by simply mixing the polyoxymethylenes and 
the polyurethanes in the required proportions. 120 
The mixing operation is continued until 
homogenisation is achieved, this requiring 
temperatures of 100 to 200°C. The mixing 
temperature depends on the actual compon- 
ents, their proportions and their thermoplastic 125 
behaviour. Generally speaking, temperatures 
from 160— 180°C. are used. The mixing can 
take place, on rollers but if required can be 
carried out by melting together. 

The mixing ratio of the components can 130 
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fluctuate from 5— 95l%' by weight to 95— 
5% by weight. Thus, smaller quantities of 
polyurethanes within this range act as chemic- 
ally incorporated plasticiser^ which consider- 
ably increase the notch toughness of the poly- 
oxymethylenesj though the incorporation of 
20 — 40%: by weight of polyoxymethylene into 
the polyurethane is also advantageous. 

This is because thermoplasticaUy deform- 
able compositions containing about 40% by 
weight of polyoxymethylene are of interest 
because they have a maximum degree of ten- 
sile strength and breaking elongation and show 
excellent stability with respect to organic sol- 
vents and also show an increased resistance 
to swelling with respect to aromatic hydro- 
carbons. The increased pennanent elongation 
of the thermoplastic polyurethane is also re- 
duced in a favourable manner. The resistance 
to hydrolysis of moulded elements which can 
be obtained from the composition is improved, 
since polyurethane fragments containing amino 
groups formed due to ageing and hydrolysis 
can be converted again with traces of formal- 
dehyde into cross-linked products of high 
molecular weight. 

The thermoplasticaUy deformable compos- 
itions according to the invention can also be 
subsequently processed under pressure for 
1 — 40 minutes while shaping using a temper- 
ature of for example 180— 220°C. They are 
available for all working methods which are 
typical for themoplastic compositions and can 
for example be processed by injection mould- 
ing or by extrusion or welding to produce 
moulded elementSj sheet structures and coat- 
ings. 

In accordance with one particular embodi- 
ment, the compositions may contain polyoxy- 
methylenes witii j8-hydroxyalkyl radicals and 
polyurethanes with free NCO-groups. These 
compositions may contain other polyisocyan- 
ates, more especially polyisocyanates contain- 
ing uretdione, sulphur or peroxides, for 
example dicumyl peroxide or ditert. butyl 
peroxide. 



Heat stabih'sers, antioxidants or fillers can 
readily be added to the compositions accord- 
ing to the invention. The following Examples 
illustrate the invention. 50 



Example 1 
Production of the polyoxymethylene B 

250 parts by weight of trioxane were co- 
polymerised, in 250 parts by volume of anhyd- 
rous cyclohexane, with 2.5 parts by weight of 
IjS-dioxolane using 1 part by weight of boron 
trifluoride etherate as catalyst. The polymer- 
isation temperature was 60 — 68°C and the 
polymerisation period was four hours. The 
polymer obtained was filtered off, and washed 
several times with acetone and dilute aqueous 
sodium carbonate solution, distilled water and 
finally with methylene chloride and dried. 
The dried polymer was thereafter heated in 
vacuo at 160°C. for several hours, the poly- 
mer being degraded as far as the first two 
terminal comonomer units and a product with 
terminal ,P-hydroxyethyl groups was obtained 
(loss m weight: 32%: of formaldehyde split 
off). 



Production of the polyurethane A 

200 parts by weight of a polyester of adipic 
acid and ethylene glycol (OH-number 56) 
were dehydrated in vacuo at llO^C. and 
reacted with 160 parts by weight of diphenyl- 
methane-4,4^-diisocynaate. After cooling to 
100°C., 46 parts by weight of butane-l,4-diol 
were incorporated by stirring and the mixture 
which was obtained was poured on to a plate 
heated to 90*^0. After 2 minutes, the sheet 
thus obtained was cooled to room temperature 
and thereafter granulated. 

Polyurethane A was homogeneously mixed 
on a mixing roller (temperature 170 — 180°C) 
with the quantities by weight of the polyoxy- 
methylene B indicated in Table I, the said 
polyoxymethylene containing li%i of a poly- 
amide of polymerised caprolactam as heat 
stabiliser and 0.51% of 2,6-ditert.-butyl-phenol 
as antioxidant 
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Table I 



No. 


Parts by weight 
Polyoxymethylene B 


Percentage 
by weight 


Parts by weight 
polyurethane A 


Percentage 
by weight 


1 


60 


30 


140 


70 


2 


80 


40 


120 


60 


3 


120 


60 


80 


40 


4 


140 


70 


60 


30 


5 


180 


90 


20 


10 
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Example 2 
60 Parts by wei^t of polyoxymethylene 
containing two terminal acetate groups (C) 
and 60 parts by weight of polyoxymethylene 
containing two terminal ether groups (D) were 
each mixed with 140 parts by weight of poly- 
urediane A. The polyoxymethylenes were 
homopolymers of formaldehyde and the in- 
trinsic viscosities of C and D, measured in 
butyrolaaone at 150^C in 0.5i% solution 
were: 



C) i?i = 0.81, D) ij, - 0.62. 
After shaping to form a pressed or moulded 
plate in accordance with the conditions of 
Example 1, homogeneous, blister-free test 15 
elements were obtained wi± the mechanical 
properties indicated in Table III and a good 
resistance to swelling witii respect to different 
organic solvents, and advantageously also with 
respect to aromatic hydrocarbons. 20 



Table III 





Bending 
strength 
kp/cm^ 


Tensile 
strength 
kp/cm^ 


Brealdng 
elongation 

% 


Permanent 
elongation 
cm 


A+C 


180 


408 


405 


5 


A+D 


171 


420 


395 


8 



Example 3 
Production of polyurethane E 

174 Parts by weight of toluylene diisocyan- 

25 ate, after dehydration at 130°C. were incor- 
porated in 1 kg. of a glycol-adipic acid poly- 
ester (OH number 51) by stirring, heated for 
about 20 minutes to 120—130^0. and then 
10 oc. of water were added while stirring 

30 vigorously at 100 — llO^C. After a few sec- 
onds, the reaction started with the evolution 
of COo. The viscous melt was poured on to 
metal sheets and further heated for 24 hours 
at 90^ C. An elastic polyurethane composition 

35 was formed, which was ground in a mill to 
give a white powder. 

Production of polyurethane F 

Into 100 parts by weight of adipic acid- 
glycol polyester (OH-number 55) dehydrated 

40 at 130°C/12 mm.Hg., there were incorpor- 
ated by stirring 50 parts by weight of dimeric 
toluylene-2,4 diisocyanate at a temperature 
below 95^C. until dissolved. After the solution 
had formed, 180 pans by weight of diphenyl 

45 methane-4,4^-diisocyanate were added at 
90°C. and thereafter 33.5 parts by weight 
of butane-l,4-diol were added as chain exten- 
der. When required, the reaction temperature 
was kept below 95 °C. by cooling. The clear 

50 melt was poured into moulds, further heated 
for 2i hours at 85 — 95^C. and the storable 
polyurethane composition which could be 
rolled on rubber mixing rolls to give a smooth 
sheet was removed from the mould when 

55 cold, 

80 parts by weight of polyoxymethylene B 
were homogeneously mixed on a mixing roll 
at 170— 180°C. with, in each case, 120 parts 
by weight of the following polyurethane com- 
60 positions: 



1) Polyurethane E 

2) Polyurethane A with the diphenylmethane- 
4,4^-diisocyanate replaced by phenylene-l, 
4-diisocyanate. 

3) Polyurethane F 65 

4) Polyurethane A, but with 9 parts by weight 
of butane-l,4-diol were replaced by 1.8 
parts by weight of water. 

5) Polyurethane A, but the polyester was re- 
placed by a polythioether of thiodiglycol 70 
and triethylene glycol (70 : 30) (OH- 
number 56). 

6) Polyurethane A, with replacement of 9 
parts by weight of butane- 1,4-diol by 19 
parts by weight of bis-ji^-hydroxymethyl- 75 
m-toluidine. 

7) Polyurethane A, the polyester being re- 
placed by a polybutylene glycol ether 
(OH-number 56). 

Under the conditions indicated in Example 80 
1, homogeneous, blister-free moulded elements 
were obtained from the thermoplastically de- 
formable compositions, these elements having 
a high stability and resistance to swelling with 
respect to organic solvents and with mechani- 85 
cal properties which corresponded approxi- 
mately to the values in line 4 of Table II 
and permanent elongations of 3 — 8'%. 

WHAT WE CLAIM IS: 

1. A thermoplastically deformable compos- 90 
ition, which comprises a polyurethane of high 
molecular weight at least 8000 and a polyoxy- 
methylene of molecular weight at least 4000, 

the ratio of the polyuretiiane to the polyoxy- 
methylene being from 5 : 95:%: by wei^t to 95 
95 : 5I%! by weight. 

2. A composition as claimed in claim 1, 
wherein the polyoxymethylene is a polyoxy- 
methylene which is stabilised by acylation or 
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etherification and has an intrinsic viscosity of 
0.2—1.5. ^ , 

3. A composition as claimed in claim 1^ 
wherein the polyoxymethylenes have terminal 

5 alcoholic — OH or — SH groups. 

4, A composition as claimed in daim 3, 
wherein the polyoxymethylene is a copolymer 
of trioxane and 1,3-dioxolane or ethylene 
oxide. 

10 5. A composition as claimed in daim 3> 
wherdn the polyoxymethylene contains ter- 
minal -hydroxyalkyl ether radicals. 

6. A composition as daimed in any of the 
preceding claims, wherein the polyurethane 

15 contains free — NCO groups and has an in- 
trinsic viscosity of 0.4 to 2. 



7. A composition as claimed in any of 
claims 1 to 5, wherein the polyurethane is 
the reaction product of one or more polyiso- 
cyanatesj a polyhydroxy compound and a 
chain extender. 

8. A composition as claimed in claim 1, 
substantially as desaibed with reference to 
any of the Examples. 

ELKINGTON AND FIFE 
Chartered Patent Agents, 
High Holborn House, 52—54 High Holborn, 
London, W.Cl. 
Agents for the Applicants. 
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